was isolated from local soil nutrient medium (IM) containing sucrose as carbon source, yield of biomass and polyhydroxyalkanoate (PHA) were 2 g/l and 1 g/l (50% of biomass), respectively. Substitution of inorganic nitrogen by peptone, yeast extract or beef extract resulted in biomass yields of 4.1, 3.9 and 1.6 g/l, respectively. Corresponding yields of PHA in biomass was 30%, 40% and 44%. Cells subjected to change in nutrient condition from organic to inorganic, lacked diaminopimelic acid in the cell wall and the concentration of amino acids also decreased. Under these conditions the extractability of the polymer from the cells by hot chloroform or mild alkali hydrolysis was 86-100% compared to those grown in yeast extract or peptone (32-56%). The results demonstrated that growth, PHA production and the composition of cell wall of present in the growth medium. Cells grown in inorganic medium lysed easily and this can be further exploited for easier recovery of the intracellular PHA.
Introduction
Polyhydroxyalkanoate (PHA), which is synthesized by various bacteria as energy reserve of the cells, has attracted worldwide attention as biodegradable thermoplastic [1] . Polyhydroxybutyrate (PHB) is a common homopolymer produced by bacteria but the presence of copolymers improves the properties of the biopolymer [2, 3] . Sodium hypochlorite is generally used to hydrolyze the cell wall and recovered using solvents [4] . This leads to generation reduction in the molecular size of the polymer. As an alternative, enzymatic methods have been evolved for extraction [5, 6] . Various Bacillus species are known to produce PHA [7] [8] [9] . But the extensive cross-linking and the thick peptidoglycan layer present in the gram-positive Bacillus species enables the bacterium to retain cell wall even in the presence of various hydrolytic enzymes intracellular biomolecules. The present work examines the effect of organic and inorganic nutrients on growth and PHA production by . Effect of nutrients on composition of cell wall and extractability of PHA
Materials and methods

Microorganism
The bacterium used in this study was isolated from local soil sample. The culture was maintained at 4°C on nutrient agar slants and subcultured once in a month.
The 16S rRNA gene sequence analysis, which provides a measure of genomic similarity above the level of species allowing comparisons of relatedness across the genus, In the present study the 1.2 kb of entire 16S rRNA gene from the selected isolate was sequenced which involved, DNA, polymerase chain reaction (PCR), preparation of competent cells, transformation of and as a template. Two synthetic oligonucleotide primers used were:
The sequence obtained was compared by using the basic local alignment search tool (BLAST) program from the National Center for Biotechnological Information (NCBI)
Inoculum
Inoculum was prepared by using sterile nutrient broth (10 ml) taken in test tubes. The broth was inoculated with 2-3 loops full of fresh culture from nutrient agar slants. The inoculated tubes were incubated at 30°C and 250 rpm for 24 h. The inoculum concentration used for inoculation was 2 × 10 4 cfu/ml.
PHA production was carried out in inorganic nutrient triplicate and the medium contained (g/ Effect of organic and inorganic nutrients on growth, PHA production and cell wall composition was studied using following media: (a) Control IM mentioned above; (b) in IM (NH 4 ) 2 SO 4 was replaced by yeast extract (2.5 g/l) or peptone (5 g/l) or beef extract (2.5 g/l); and (c) complex medium (g/l): peptone, 5; yeast extract, 2.5; beef extract, 2.5; (NH 4 ) 2 SO 4 were incubated at 250 rpm and 30°C for 72 h. Experiments were carried out in triplicate.
PHA production in fermentor
Fermentation was carried out in a jar fermentor (3 l capacity, USA) containing 1.8 liter of mineral medium (30 g/l of (0.2 l) was prepared in IM for fermentation. Fermentation was carried out at 30°C, for 48 h, culture pH was controlled at 7 by the addition of 1 mole NaOH and 50% of air saturation. Residual sugar was analyzed by dinitrosalicylic acid method [11] in the cell free supernatant after inversion of residual sucrose with HCl.
Extraction and estimation of PHA
Biomass obtained after centrifugation of fermented broth was dried to a constant weight [9] . Various methods were used for hydrolysis of cell wall and PHA extraction: (a) sodium hypochlorite solution was used for cell hydrolysis and PHA was solubilised in chloroform [12, at 40°C, for 2 h. The chloroform layer was separated by hexane in 1:2 proportions and the precipitated polymer was dried at 45°C to a constant weight; and (c) dried biomass (100 mg) was suspended in water (5 ml) and pH was set to 12 by ammonia solution (25% v/v). The suspension was incubated at 50°C for 10 min. The hydrolysate was centrifuged (6,000 rpm 10 min), washed with acetone, dissolved in chloroform and insoluble material was was evaporated to dryness and weighed.
Gas liquid chromatography (GC) analysis of PHA was also carried out after formation of methylesters [14] . Standard polyhydroxybutyrate-co-hydroxyvalerate-P(HB-co-HV) obtained from Sigma-Aldrich, USA, was used for calibration and benzoic acid was used as an internal standard.
Cell wall analysis
Cell wall was isolated according to reported method [15] . The cell wall (10 mg) was hydrolyzed in a sealed tube with 6N-distilled HCl (10 ml), at 110°C for 24 h [16] . Glucosamine was estimated in the hydrolysate [17] . Calibration curve N-acetyl glucosamine. Amino acids were analyzed in the cell wall hydrolysate in duplicates after precolumn derivatization by using phenylisothiocyanate [18] . The phenyl thiocarbamoyl amino acids were analyzed by Pico-Tag amino acid analysis system [19] . Total sugar of the cell wall was estimated by phenol sulphuric acid method.
Plate assay for antibiotic sensitivity
Plates containing nutrient agar (HiMedia Laboratories Limited, Mumbai, India), IM agar (IM with 1.8% agar) and complex medium with 1.8% agar (composition described above) were lawned with 0.2 ml of culture broth that contained 2 × 10 4 cfu/ml of . Antibiotic octodisc (HiMedia Laboratories Limited, Mumbai, India) containing various antibiotics as shown in Table 3 was placed on the agar surface and the plates were incubated at 30°C up to 48 h. Clearance zone surrounding the individual antibiotic was measured in millimeter. Experiment was carried out in triplicate. 
Characterization of PHA
Results and discussion
Bacillus species
Amongst various bacteria that were obtained from the composting soil, one of the Bacillus species produced 50%
as Bacillus species because it was gram-positive, catalase positive, motile, endospore forming, rod shaped and aerobic tion of 16S rRNA gene by PCR and a comparative search for this sequence revealed 99.4% homology to . Further, the BLAST search using the sequence revealed that it clustered with other strains such as Bacillus and (Fig. 1) .
Cultivation of and extraction of PHA
biomass with 50% PHA (Table 1) . The standard strain produced 3.2 g/l of biomass, however the PHA concentration of the cell was very low (3.7%). was cultivated under optimized conditions in a fermentor wherein 6.8 g/l of biomass and 3.8 g/l of PHA (56% of biomass) were obtained during 24-36 h growth period (Fig. 2) .
Complex medium containing peptone, yeast extract their effect on growth and PHA, they were substituted individually to IM (Table 1) . Enhanced growth was obtained in the presence of peptone (4.1 g biomass/l) and yeast extract (3.9 g biomass/l) and poor growth was observed in beef extract medium (1.6 g biomass/l) compared to control inorganic medium (2 g/l). However maximum concentration of PHA in the cells was synthesized in the IM (50%). The results indicated that the cells harvested from inorganic medium and from beef extract medium which had poor growth lysed easily and the recovery of PHA was more in chloroform extraction or mild alkali digestion (86-100%) compared to those grown in organic nutrient medium containing peptone and yeast extract (32-56%). Shape of cells differed under different nutrient provided in the media. It is reported that under limitation in the supply of phosphate, mutant cells of formed irregular spheres, which changed back to rods when phosphate was supplied linked to cell wall synthesis.
Effect of nutrients on cell wall composition of
of organic and inorganic nutrients on cell wall compositions of ( Table 2 ). Concentration of glucosamine was not affected by organic or inorganic nutrients (8.8 mg/100 mg of cell wall). The cell walls contained glutamic acid, alanine, arginine, valine, leucine, tyrosine, aspartic acid and isoleucine. Under peptone and yeast extract supplementation higher concentration of amino acids were observed in the cell walls compared to those cultivated in inorganic salts medium. Cells grown in the presence of peptone and yeast extract contained detectable amounts of diaminopimelic acid (DAP) in their cell walls, which was totally absent in those grown in the inorganic salts medium.
The mucopeptide of Bacillus species cell wall contains diaminopimelic acid, glutamic acid, alanine, N-acetylglucosamine, N-acetylmuramic acid and amide groups [20] . The cell wall also contains N-acetylgalactosamine, phosphorous, glycerol and glucose. The cell wall peptide has four amino acids and it is usually made up of alanine and glutamic acid. Different peptidoglycan structures are formed due to substitutions of diamino acids found at the third position of the peptide. The most common diamino acids are lysine and DAP. DAP containing peptide participates in cross bridge formation between DAP and alanine or between two DAP residues. Such cross bridge formations provide structural gram-positive bacteria such as Bacillus species due to the presence of thicker peptidoglycan layer, which is crosslinked. The formation of peptidoglycan is dependent on the uptake of nitrogen and its metabolism to provide the required peptides for peptidoglycan synthesis. Variations are known to occur in the chemical composition of the cell wall of during growth in different media [21] .
In our study, the presence of DAP in the cell walls of cells grown in peptone and yeast extract containing medium those grown in inorganic medium. Cells cultivated in complex medium containing ammonium sulfate as one of the nitrogen sources lacked DAP, had lower concentrations of amino acids in the cell wall, compared to peptone/yeast extract grown cells. This allowed easier extractability of the polymer. The changes may be due to altered metabolic activities in the presence of inorganic nitrogen source. Cells subjected to organic or inorganic nutrition also showed variations in susceptibility or resistance to certain antibiotics (Table 3) . Antibiotics are rendered inactive: (a) through enzymes; (b) altered uptake due to changes in the outer membrane and the channel through which the molecules move into the cell; and (c) altered target site or antibiotic binding proteins [22] . It has been reported that to certain antibiotics [23] . In the present study changes in the resistance or susceptibility appears to be based on nutritional status of the cell which also leads to altered cell wall nature. 
Characterization of PHA
GC analysis of PHA isolated from indicated that it was a copolymer of P(HB-co-HV) of 98:2 mol%. This 1 H-NMR (Fig. 3) . The spectrum was comparable to the standard P(HB-co-HV) and the reported data [7] .
Conclusion
The results demonstrated that the composition of cell wall of the growth medium. Cells grown in inorganic medium lysed easily and this can be further exploited for easier recovery of the intracellular PHA.
